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This application relates to control circuits and
more particularly to a circuit whereby the power
cutputb of a magnetron may he regulated,

In many applications, for example, electronic
cooking of food, and the dielectric heating of
material, it is desired that the power output. of
the high frequency oscillation generation device
be maintained extremely constant, so that by
feeding power into the article to be cooked or
the article to ke heated for a given time the total
energy applied thereto may be closely regulated.
This is particularly desirable in the case of food,
wherein a variation of a few per cent in the
amount of energy may render the food unpal-
atable.

Further, in the magnetrons which are used as
a source of high frequency energy, a variation:
of a few per cent in the applied voltage will
cause a large variation in the power output: since:
the anode current of a magnetron varies as a.
nonlinear function of the applied voltage..

Accordingly, it is an object of this invention. to.
provide means whereby the power output of a.
magnetron will be closely regulated..

Another object of this invention is to provide
a device whereby the magnetic field of the mag~
netron may be varied as a function of the anode:
current of said magnetron.

Yet another object of this invention is to: pro-
vide a circuit whereby the magnetic field of a.
magnetron may be varied as a function of the
voltage applied to the magnetron.

A still further object of this invention is: to
provide a meang for producing the required mag--
netic fleld for a magnetron before anode current
flows in said magnetron.

Other and further objects of this invention.
will become apparent as the description thereof:
progresses, reference being had to the accom-
panying drawings wherein:

Fig. 1 represents a schematic diagram of an.
embodiment of this invention; and

Fig. 2 represents characteristic curves of op-
eration of a magnetron.

Referring now to Fig. 1 there is. shown dia-

grammatically a magnetron { having an anode:

structure 2 and a cathode structure 3. The
anode 2 of the magnetron is connected to ground:
and the cathode 3 of the magnetron is connected:
to a suitable negative potential for operation,.
for example, minus 5,000 volts. This negative
source comprises a bridge rectifier 10. made up.of
four diodes in a standard bridge rectifier cir-
cuit. More specifically the cathode: 3 is con-
nected. through a smoothing choke 4 to the neg-
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ative terminal & of the bridge rectifier 10 which
is & junction between the plates of two of the
diodes. The positive terminal of the bridge rec-
tifier & is connected to ground through a con-
trol circult which will be later described. The
bridge: rectifier is supplied by a secondary wind-
ing ¥ of a transformer. The primary winding 8
of the trahsformer ig connected to a suitable
source of power, for example, 220 volts, 60 cycles.

The positive terminal 6 of the bridge rectifier
(2 is comnected to one end of a magnetic coil
1 wound about the magnetic field core 9 of the
magnetron §. This magnetic coil {1 has its other
end connected to: one side of a relay solenoid §2.
The other side of solenoid 12 is conneeted through
& variable resistor 13 to ground thus completing
the high voltage supply circuit for the magnetron.
It may be seen that, since the high voltage supply
civcuit has the magnet, coil [ in series there-

- with, the current flow in. the magnetron will

cause a variation in the magnetic fiux across the
interaction space of the magnetren.

Referring now to Fig. 2, there.is shown a graph
Hlustrating characteristic curves of operation of
a. magnetron as used in this invention. Along
the: ordinate is: platted the anode current in am-

eres and along the abscissa is platted anode
voltage: in kilovelts. These curves represent the
anode voltage: current characteristies for various
values of the magnetic. fleld applied across the
interaction space: of the magnetron. For ex-
ample; in normal operation as: represented by
peint. {4 with- a magnetic field intensity of 1,100
gauss and an anode voltage of 5,000 volts, the
anode:. current. will: he: approximately 1 ampere.
However,. if the magnetic field is increased to
1,200 gauss with 5,000 volts anode voltage, the
anede current will drop considerably,.for example,
to a half ampere, as shown: by point 15. There-
fore, it may be seen: that, by causing the anode
current. to.vary the magnetic field, the anode cur-
rent will be quite stable sinee if the anode cur-
rent. attempts to inerease for any reason, such
as. changes: in anode voltage; it will. cause an in-
crease in: the magnetic field: which: will counter-
act the effects which:initially caused the increase
in current. However;, substantial variations in
voltage: due: te: variations in the supply line voli-
age connected to the primary § of the trans-
former will cause a. substantial change in the
power output since, even if the current is main-
tained: substantially- constant, the power output
will vary directly with the -voltage since the bower
output. is equal’ to the voltage input times the
current: input; times the: efficiency;, and the effi-
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ciency of the magnetron will remain substantially
constant over the desired range of operation of
the magnetren. Therefore, in order to maintain
" the power output constant for voltage changes
in the anocde potential, it is necessary to cause
inverse variations of the anode current with re-
spect to variations in the anode voltage. This
is accomplished by varying the magnetic field by
means of current through a second coil 18 whose
magneto motive force adds to that of coil {1 in
the magnetic circuit of the pole 8 of the mag-
netron. The source of current of the coil I8 is
a regulating system of a type now to be de-
seribed.

A D. C. voltage supply of 760 volts is obtained
from & full wave rectifier circuit comprising a
duodiode 17 whose common cathode 18 is con-
nected to the plus 700 volt bus of the system. The

plates {9 and 28 of the duodiode are connected,-

respectively, to opposite ends of another second-
ary winding 24 of the transformer fed by the
primary winding 8. “A center tap of the winding
21 is connected to ground. This 700 volt power
supply supplies a power tetrode 22 which may be,
for example, & type 807 vacuum tube. The plate
23 of the tube 22 is connected through the coil {8
on the magnetron field pole § to cathode I8 which
produces the positive potential of 700 volts. The
cathode 24 of the tube 22 is connected to ground
through a resistor 25. A voltage regulator tube
26 is connected across resistor 25 so that the po-
tential of cathode 24 is maintained at a fixed
value above ground potential, for example, 150
volts. The screen grid 27 is maintained at an op-
erating potential above the cathode 24 of, for ex-
ample, 250 volts by being connected to the junc-
iion of two resistors 28 and 29 which constitute
g voltage divider. The resistor 28 is connected to
the cathode 24 and resistor 29 is connected to the
700 volt source. 'The screen grid 27 of tube 22 is
also connected to ground through a transient by-
pass condenser $8. The grid 31 of the tube 22 is
connected to ground through a transient by-pass
condenser 32 and through a grid current limiting
resistor 33 to the variable tap of potentiometer
34. One side of the potentiometer 34 is connected
to the 700 volt supply and the other side of the
potentiometer 34 is connected to the junction be-
tween the solenoid 12 and the variable resistor 13
in the high voltage supply circuit of the mag-
netron. The plate 23 of tube 22 is connected to
ground through the contacts of a switch 35, which
is operated by the solenoid 2, and a variable re-
sistor 36. The contacts 85 are normally open
during operation of the magnetron due to en-
ergization of the solenoid {2 by ancde current of
the magnetron {. However, in the absence of
anode current the contacts 35 are biased closed,
for example, by & spring.

A cireuit for increasing the power of the mag-
netron to produce, for example, in an electronic
cooker two cooking rates, consists of a connec-
tion from the positive terminal 6 of the bridge
rectifier 10 through a variable resistance 36 and
inductance 371 and a manually-operated switch 38
to ground. With the manually operated switch
open a certain anode current will flow through
the magnetron for a given line voltage, said cur~
rent being dependent upon the magnetic fleld in
the magnetron. By shunting the magnetic coil
1§ with a circuit having approximately the same
resistance as that of the circuit shunted, substan-
tially double the amount of current may be
caused to flow through the magnetron. There-
fore, resistance 36 is adjusted to this condition,
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and by closing switch 38 the power output from
the magnetron may be doubled or, conversely, by
opening the switch 38, power output may he
halved. In the present design with the switch 38
closed, the anode current in the magnetron used
is approximately 1 ampere. For an anode po-
tential of 5,000 volts as shown by point {4, the
inductance 37 is made equal to the inductance of
coil 11, thereby equalizing the surge impedance
to magnetron current ratio, for the two power
levels,

In order that a magnetron field be placed across
the magnetron wherein operation of the mag-
netron at the desired frequency may be initiated,
a circuit is provided to supply this field in the
absence of magnetron anode current. When
there is no magnetron anode current the solenoid
i2 will be deenergized and the contacts 35 closed.
This completes a circuit from the positive bus of
the 700 volt supply through winding 16, the
switch 25 and an adjustable resistor 38 to ground
whereby current flows in the coil 1§. The resistor
86 is adjusted to a value such that the required
magnetizing current flows through coil 16 to pro-
duce the proper magnetic field in the magnetron
in the absence of anode current in the magnetron.
Vwhen anode current flows in the magnetron the
solenoid is energized, thereby breaking this cir-
cuit.

With anode current flowing in the magnetron,
the magnetic field is supplied partially by the coil
i{ due to the anode current flowing therethrough,
and partially by current flowing through coil I8
due to conduction of tube 22. This conduction
of tube 22 is regulated in the following manner.
The bias on grid 31 is adjusted to a few volts
negative with respect to the cathode 24 such that
the tube 22 -is biased roughly at the midpoint of
operation of its characteristic curves of operation,
by means of the following circuit.

The cathode 24 is maintained at 150 volts posi-
tive with respect to ground by action of the tube
26.. The tube 26 is by-passed by a resistor 25
which is of such a value that it passes enough
of the space current of the tube 22 to allow the
voltage regulating tube 26 to operate at about
the midpoint of its curve of operation.  The re-
sistor 3 is adjusted to a value such that the drop
thereacross due to anode current in the mag-
netron is approximately 75 volts. The tap on
the potentiometer 34 is then adjusted such that
it adds to the 75 volt drop across the resistor {3
another voltage of roughly 75 volts up to the
point on resistor §4 where its tap is set, thus giv-
ing the correct bias voltage on the tube 22. Thus
it may be seen that the grid-to-cathode voltage
on the tube 22 may be changed by variations
either in the anode current of the magnetron
which will ecause a change in the voltage across
the resistor {3 or by variations in the voltage of
the 700 volt supply due to variations in the supply
line voltage feeding the primary winding 8, which
will cause a change in the voltage drop between
the tap on resistor 34 and the junction between
resistor 34 and resistor {3. It may be noted that
the variation of voltage between the tap on re-
sistor 234 and the junction between resistors 34
and 18 will be proportional to variations in the
supply line voltage, for any given setting of the
tap on resistor 34 and, therefore, will be propor-
tional to variations in the 5 kilovolt anode volt-
age supbly of the magnetron i. .

Due to the large power amplification of the
tube 22 small variations in the grid-to-cathode
voltage of the tube will cause large variations in
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the maghetic flux produced. by. the coil (6. There-
fore, a$.all times the grid-te-cathode voltage: of
tube. 22 will remain substantially constant
throughout. variations. in. anode voltage and cur-
rent ¢f the magnetron, For this. reason it may
be seen that, since. the- voltage drop from. the
tap on resistor 34 to the-junction hetween resistor
34 and: resistor 13- plus the voltage. droep. across
resistor {3 raust remain. constant; and since these
two voltage drops are approximately equal, it
folows that, if the: voltage of the supply varies,
for example,; ten per cent, in either direction,
the anode current of the magnetron must vary
ten. per cent. in the opposite direction in order
that the voltage drop frem the grid: 3+ to ground
remain- substantially. constant. Therefore; sincé
the power; output. is proportional to the supply
voltage times the-anode current of the magnetron

10

this; power will be, upon variation of ten pern cent, -

equal to 110 per cent times 90, per cent.or 99 per :

cent of the power output with no: variation, thus
demonstrating-that, the.power output of the mag-
netron by this circuit is.regulated to have a vari-
ation of about one-tenth the percentage that the
supply line voltage varies.

It may be noted: that, while this regulation is
not perfect due to the fact that it operates on
the principle of making the surn of two variables
equal to a constant rather than the principle of
making the product of two variables equal or
constant, this solution represents a much more
inexpensive solution to the problem than regulat-
ing devices which operate on the product prin-
ciple.

In order to eliminate dangerously high volt-
ages induced in the coils 16 and 12 by circuit
transients due, for example, to sparking in the
magnetron {, the coil {§ is connected in parallel
with a nonlinear impedance which may be, for
example, a Thyrite resistor 39. For normal cur-
rents, this Thyrite resistor 39 will be a high im-
pedance. However, for high transient currents
the Thyrite resistor will approach a short circuit.
Similarly, the solenoid {2 has connected in paral-
lel therewith a Thyrite resistor 49 which will
protect said solenoid from high transient cur-
rents. Also, in this modification the solenoid i2
has in parallel therewith a resistor 41 which by-
passes the anode current of the magnetron in
excess of that required to energize the solenoid 2.

With the system described the anode voltage
to anode current variations would foliow sub-
stantially along the line 42 on the graph of Fig. 2.

This completes the description of the illustrated
embodiment of my invention. However, many
modifications therein will be apparent to persons
gkilled in the art; for example, any type of recti-
fiers could be used for the bridge rectifier 10 and
the rectifying tube 11, a permanent magnet mag-
netron could be used in conjunction with the vari-
able magnetic field produced in the core 9, and
various methods of creating the total voltage
supplied to the grid 31 might be used as well
as various adjustments and settings of the vari-
able resistors 38, 13 and potentiometer 34. Ac-
cordingly, applicant does not wish to be limited
to the specific details of the embodiment illus-
trated except as defined in the appended claims.

What is claimed is:

1. In combination an electron discharge device
having g resonating anode structure and a cath-
ode, means for supplying a magnetic field across
said discharge device to thereby cause oscilla-
tions in said device, and means for maintaining
the power output of said device subsfantially
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constant comprising g, civeuit; vafving said mag-
netie: field as: a function: of the voltage: applied
torsaid discharge devige..

2. In. combination. amr. electron: discharge: de~
vice having a. resonating anode structure: and: a
cathede;. means for supplying a magnetic: field
across: said; discharge- device to thereby cause
escillations in: said: device, and: & circuit varying
said. magnetic field as a function of the: voltage
applied to sait discharge device and: as a: fune-
tion of the space current. Sowing in said dis-
charge device.

3. Im: combinationm am electron: discharge de-
viee: having: a resongbing anode structure. and a

> cathode; mesns: fon supplying & magnetic: field

across said disgharge device to. thereby cause: os~
cillatians; in. saidt device, comprising an electro-
magnet, and: means: for varying said magnetic
field as:a functiom: of the: voltage: applied to said
discharge. device, and: means: for energizing at
least a portion of said. electromagnet by space
current: of said discharge: device.

4. In.combination an electron: discharge: device
having: a. yresonating anode structure and: a. cath-
ode; means: for supplying a. magnetic feld: across
said:discharge device to-thereby. cause oscillations
in:said devize, comprising an. electromagnet; and
means for varying said magnetie: field’ as & func~
tiom: oi the- voltage applied to.said: dischiarge de-
vice, comprising &: power amplifier, whose cutpub
energizes: & portion of said electromagnet, and
whose: input. sighal varies as & function of the
voltage applied: across sgid discharge device.

5. In combination: aix electron: discharge device
hawving a-resonating ancde-strusture and a cath-
ode, means for supplying a magnetic field across
said discharge device to thereby cause oscillations
in said device, comprising an electromagnet, and
means for varying said magnetic field as a func-
tion of the voltage applied to said discharge de-
vice, comprising a power amplifier whose output
energizes a portion of said electromagnet, and
whose input signal varies as a function of the
voltage applied across said discharge device and
as a function of the space current flowing in
said discharge device.

6. In combination an electron discharge device
having g resonating anode structure and a cath-
ode, means for supplying a magnetic field across
said discharge device to thereby cause oscillations
in said device, comprising an electromagnet a
portion of which is energized by space current of
said discharge device, and means for varying
said magnetic field as a function of the voltage
applied to said discharge device, comprising a
power amplifier whose output energizes a portion
of said electromagnet, and whose input signal
varies as a function of the voltage applied across
said discharge device.

7. In combination an electron discharge de-
vice having a resonating anode structure and a
cathode, means for supplying a magnetic field
across said discharge device to thereby cause
oscillations in said device, comprising an electro-
magnet a portion of which is energized by space
current of said discharge device, and means for
varying said magnetic field as a function of the
voltage applied to said discharge device, com-
prising a power amplifier whose output ener-
gizes a portion of said electromagnet, and whose
input signal varies as a function of the volt-
age applied across said discharge device and as
a function of the space current flowing in said
discharge device.
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8. T combinafiori an electron discharge de-
vice having a resonating anode structure and a
cathode, means for supplying a magnetic field
across said discharge device to thereby cause
oscillations in said device, means for varying said
magnetic field as a function of the voltage ap-
plied- to said discharge device and as a function
of the space current flowing in said discharge
device, and means for creating an increased mag-
netic field in the absence of a space current in
said discharge device.

9. In combination an electron discharge de-
viece having a resonating anode structure and a
cathode, means for supplying a magnetic field
across said discharge device to thereby cause
oscillations in said device, means for varying
said magnetic field as a function of the voltage
applied to said discharge device and as a func-
tion of the space current flowing in said dis-
charge device, and means for creating an in-
creased magnetic field in the absence of a space
current in said discharge device, comprising a
relay circuit responsive to said space current.

10. In combination an electron discharge de-

vice having a resonating anode structure and a :

cathode, means for supplying a magnetic field
across said discharge device to thereby cause
oscillations in said device, comprising an elec-
tromagnet, means for varying said magnetic field
as a function of the voltage applied to said dis-
charge device and as a function of the space cur-
rent flowing in said discharge device, and means
for creating an increased magnetic field in the
absence of a space current in said discharge de-
vice, comprising a relay responsive to said space
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current for by-passing an impedance in series
with a portion of said electromagnet winding.

11. In combination an electron discharge de-
vice having a resonating anode structure and a
cathode, means for supplying a magnetic field
across said discharge device to thereby cause
oscillations in said device, comprising an elec-
tromagnet a portion of which is energized by
space current of said discharge device, means for
varying said magnetic field as a function of the
voltage applied to said discharge device, com-
prising a power amplifier whose output eher-
gizes 3 portion of said electromagnet, and whose
input signal varies as a function of the voltage
applied -across said discharge device and as a
funetion of the space current flowing in said dis-
charge device, and means for creating an in-
creased magnetic fleld in the absence of a space
current in said discharge device, comprising a
relay responsive to said space current for by-
passing said power amplifier.
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